ABSTRACT
INTRODUCTION
Mechanical factors account for almost 30% of all cases of infertility. Although tubal factors are more common, uterine factors are an important clinical entity 1 . The implantation of the fertilized oocyte is affected by the morphology, thickness and vascularity of the endometrium and by the shape of the uterine cavity. Congenital uterine anomalies vary in frequency and are usually estimated to represent 3-4% in the general population, although less than half of those affected have clinical symptoms 2, 3 . During the first trimester of pregnancy the risk of spontaneous miscarriage in patients with septate uterus is between 28 and 45%, whereas the frequency of spontaneous miscarriage during the second trimester in these patients is approximately 5% 1, 3 . Hysteroscopic septum resection is accompanied by a significant improvement in the reproductive performance of the patients. This review focuses on the diagnosis of and adverse reproductive outcome associated with uterine anomalies. It also discusses clinical dilemmas including the relative value of invasive and noninvasive diagnostic techniques, the value of hysteroscopic surgery, and the role of postoperative ultrasound.
EMBRYOLOGICAL DEVELOPMENT OF THE UTERUS
Embryologically, the uterus develops from fusion of the paramesonephric ducts, which join in the midline at about the 10th week of gestation to form the unified body of the uterus. Abnormalities in the resorption of the fused midline tissues occur by the 20th week and can result in the formation of uterine septa of variable length and position.
Apoptosis has recently been proposed as a mechanism by which the uterine septum regresses 4 . Bcl-2, a protein involved with regulating apoptosis, was found to be absent from the septa of four uteri using a monoclonal antibody for Bcl-2 and immunohistochemical analysis 4 . The absence of Bcl-2 results in failure of regression of the septum.
The partial uterine septum is limited to the uterine fundus, whereas the complete septum extends from the fundus into the cervical canal 5 . On occasion a longitudinal vaginal septum will also be present. In rare cases cervical duplication may be seen in conjunction with complete uterine and vaginal septa, often confounding attempts at clinical diagnosis [5] [6] [7] . The first case of a complete uterine septum with cervical duplication and a complete longitudinal vaginal septum was recently reported 8 . This was followed by a case report of three sisters with different degrees of septate uterus, one of whom had this abnormality 9 and a further report of three other patients with such an anomaly 10 .
Correspondence: Dr S. Kupesic, Department of Obstetrics and Gynecology, Medical School University of Zagreb, Sveti Duh Hospital, Sveti Duh 64, 10000 Zagreb, Croatia (e-mail: sanja.kupesic@zg.tel.hr) Ultrasound in Obstetrics and Gynecology After these reports, the classic theory of unidirectional (caudal to cranial) Müllerian duct development was challenged and the alternative bidirectional theory was proposed. This theory suggests that fusion and resorption begin at the isthmus and proceed simultaneously in both the cranial and caudal directions 11 . According to the latter theory, septate uterus could develop from failure of fusion of the most caudal Müllerian ducts, resulting in a normal uterine fundus with a complete septum, cervical duplication, and a longitudinal vaginal septum.
Ergun et al. 9 reported a rare familial aggregation of septate uteri among three sisters, while Mikkila et al. 12 described the X-linked laterality sequence in a family with carrier manifestations.
CLASSIFICATION OF UTERINE ANOMALIES
The American Fertility Society 5 , based on the previous work of Buttram and Gibbons 13 , classified the anomalies of the female reproductive tract into groups according to the degree of failure of normal development with similar clinical manifestations, treatment, and possible prognoses for their reproductive performance 14 . The various Müllerian anomalies are the consequence of four major disturbances in the development of the female genital system during fetal life: 1 failure of one or more Müllerian ducts to develop (agenesis, unicornuate uterus without rudimentary horn); 2 failure of the ducts to canalize (unicornuate uterus with rudimentary horn without proper cavities); 3 failure to fuse or abnormal fusion of the ducts (uterus didelphys, bicornuate uterus); 4 failure of resorption of the midline uterine septum (septate uterus, arcuate uterus).
PREVALENCE
Congenital Müllerian defects are a fascinating clinical problem encountered by obstetricians. The true incidence in the general population is hard to determine for two main reasons: most data are derived from studies of patients presenting with reproductive problems, and accurate diagnosis and complete assessment of the uterine morphology have not always been performed. In addition, an analysis of the reproductive performance of women with malformed uteri needs to take into account not only those presenting with reproductive failure but also those who are asymptomatic and with normal reproductive outcome. Raga et al. 15 have collected the results of women who at some point decided to stop their reproductive life, plus those patients who had reproductive problems and attended an infertility clinic. This report of more than 3000 cases is far from being representative of the general population but seems to be more comprehensive than previous reports in its attempt to calculate the incidence of Müllerian defects and their impact on reproductive potential. The authors suggest that the frequency of uterine malformations in fertile patients is 3.8% and that in infertile patients it is almost twice as high.
Byrne et al. 16 used standard ultrasound examinations to establish the prevalence of Müllerian duct abnormalities in girls and women who were evaluated for reasons unrelated to the presence of uterine anomalies. Prospective ultrasound examinations for non-obstetric indications in 2065 consecutive girls and women (aged 8-93 years) showed that eight had anomalies, including bicornuate uterus, septate uterus and double uterus. In this first attempt to determine the prevalence of uterine anomalies in the general population using non-invasive methodology, the rate of anomalies was 3.87 per 1000 women (95% confidence interval, 1.67-7.62), or approximately 1 in 250 women.
Maneschi et al. 17 assessed the prevalence of uterine anomalies in women undergoing hysteroscopy for abnormal uterine bleeding and compared the reproductive outcome in women with Müllerian anomalies to those in women with a normal uterine cavity. They showed that a Müllerian anomaly could be detected in about 10% of women undergoing hysteroscopy for abnormal uterine bleeding. This finding is similar to those reported in studies dealing with the frequency of diagnosis of uterine anomalies in women undergoing tubal sterilization investigated by X-ray hysterosalpingography (X-ray HSG), when septate /bicornuate and arcuate uteri were found in 1.9-3.6% and 11.5%, respectively, of women with no history of reproductive problems 2, 18, 19 . Maneschi et al. confirmed that hysteroscopy is a valuable technique in assessing the uterine cavity and showed that the prevalence of septate /bicornuate and arcuate uteri in women with abnormal uterine bleeding and no history of reproductive problems ranged between 3% and 7% 17 . The discrepancy between reports is due to the inaccuracy of the diagnostic methods employed, to the lack hitherto of a uniform system of classification and to the fact that many of these defects are asymptomatic and therefore remain undiagnosed.
POOR REPRODUCTIVE HISTORY
Congenital uterine malformations have been associated with poor reproductive outcome, including an increased risk of first-and second-trimester miscarriage, preterm delivery, abruptio placentae, intrauterine growth restriction, fetal distress, and fetal and maternal death 20 -23 . Pregnancy loss in patients with uterine septa has been reported to be as high as 90% after other causes for miscarriage have been excluded 24 -26 . Although congenital uterine malformations are associated with poor reproductive performance, each type may have a different impact on reproduction 25 . Raga et al. 15 tried to establish the actual incidence and reproductive performance of the different types of uterine malformation in women willing to conceive during their reproductive life. They aimed to define which abnormalities were related to a poor prognosis and which should be surgically corrected (if possible) before conception was attempted. Both the bicornuate uterus and the septate uterus showed a live-birth rate of 62%. With both types of abnormality, early miscarriages (25-38%) and preterm deliveries (25-47%) were quite common. The arcuate uterus was associated with a live-birth rate of 82.7%. The authors concluded that uterine anomalies are relatively frequent in fertile women and more frequent in infertile patients 15 . Nevertheless, fertile patients with normal reproductive performance do exist and Müllerian
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Kupesic defects can permit a normal obstetric outcome. The reproductive performance of the unicornuate and didelphys uteri was poor, while that of the septate and bicornuate uteri was better than expected. These data reinforce the idea that metroplasty is not absolutely necessary in affected patients 24 . In patients with septate uteri, Buttram 27 reported a 67% miscarriage rate, 33% prematurity and 28% live births. The preoperative reproductive performance in this study was characterized by an 88.5% miscarriage rate and only a 4.6% term delivery rate. Table 1 reports on reproductive outcome in women with an untreated septate uterus 25,28 -39 but the data should be regarded with caution as they possibly exclude reports on women with septate uterus and normal reproductive outcome. The accidental finding of a septate uterus is not an indication for surgical intervention because it is not always associated with poor obstetric performance. However, when a septate uterus is associated with adverse reproductive outcome, surgical intervention should be considered.
Premature delivery has been reported in 12 -25% 28,40 -43 of women with septate or bicornuate uteri and in 5-13% with arcuate uteri 28, 44 . Malpresentation has been reported in 30-78% of women irrespective of the degree of the Müllerian anomaly 28,41,44 -46 . Cesarean section has been reported in 36-83% of pregnancies in women with arcuate and septate or bicornuate uteri 44 -46 .
Grimbizis et al.
14 found that hysteroscopic resection of the septum was accompanied by a significant improvement in pregnancy outcome: the miscarriage rate dropped to 25% and the term delivery rate increased to 63.7% (although 4.5% of the pregnancies were still ongoing at the time of their publication).
A significant improvement in pregnancy outcome after hysteroscopic metroplasty was also described by other investigators, with postoperative miscarriage rates between 5 and 20% and live-birth rates between 73 and 87% 25,32 -36,47,48 . However, these were retrospective analyses and the absence of a control group (consisting of patients with symptomatic untreated septate uterus) represents a serious limitation in the definition of the efficacy of the hysteroscopic metroplasty. Nevertheless, the assisted reproductive treatment procedures done before and after the operation were the same and the improvement of pregnancy outcome seems to be impressive, as corroborated by Fedele and Bianchi 49 . Preutthipan and Linasmita 50 reported the reproductive outcome of 28 patients with septate uterus who underwent hysteroscopic metroplasty. There were a total of 20 pregnancies after a mean period of 24 ± 1.4 (range, 6-42) months following hysteroscopic treatment, of which 15 (75.0%) were carried to term, three (15.0%) were spontaneous miscarriages, and two (10.0%) were in progress at the time of publication. The rate of pregnancy wastage in the posttreatment group was 15% compared with 96.3% in the pretreatment group.
Porcu et al. 51 reported on reproductive outcome and obstetric prognosis of 63 patients after hysteroscopic metroplasty. They found that obstetric prognosis of these patients was statistically improved (P = 0.001) and resulted in 45 pregnancies.
Grimbizis et al.
52
, in a review of the literature, reported that overall term delivery rates in patients with untreated uterine malformations were only approximately 50% and obstetric complications were more frequent. Unicornuate and didelphys uterus were associated with term delivery rates of 45%, and the pregnancy outcome of patients with untreated bicornuate and septate uterus was also poor with term delivery rates of only 40%. Arcuate uterus was associated with a slightly better but still impaired pregnancy outcome with term delivery rates of 65%. Women reported in the different series who underwent hysteroscopic septum resection comprised a highly selected group of symptomatic patients with term delivery and live birth rates of only 5%. Hysteroscopic treatment seemed to restore an almost normal prognosis for the outcome of their pregnancies with term delivery rates of 75% and live birth rates of 85%. The conclusion of this group of authors was that hysteroscopic septum resection can be applied as a therapeutic procedure in symptomatic patients and also as a prophylactic procedure in asymptomatic patients in order to improve their chances of a successful delivery.
Hickok 53 presented a retrospective review of 40 patients undergoing hysteroscopic treatment of a septate uterus, 36 of whom were available for postsurgical follow-up. The clinical outcomes measured were immediate and delayed complications, as well as the percentage of successful pregnancies before and after treatment. Only 58% of the women conceived in the follow-up period, a much lower number than previously reported. However, the percentage of those pregnancies that were successful is similar to that reported previously.
The achievement of pregnancy is another important parameter in estimating the effect of hysteroscopic metroplasty on reproduction 54 . Grimbizis et al. 14 reported that all patients with recurrent miscarriage and normal fertility who were trying to become pregnant conceived spontaneously at least once after their treatment. Daly et al. 25 have reported normal postoperative monthly fecundity rates. Thus, it seems that the application of hysteroscopic metroplasty does not impair the fertility potential of women with a history of recurrent miscarriages. Table 2 compares data on reproductive outcome before and after hysteroscopic metroplasty for the septate uterus 25, [33] [34] [35] [36] [37] [38] [39] . In my view, hysteroscopic metroplasty is appropriate in patients with recurrent miscarriages due to its efficacy and the absence of harmful effects on the achievement of pregnancy.
PRIMARY INFERTILE PATIENTS
Patients with secondary infertility usually have a history of spontaneous miscarriages, while patients with primary infertility have no such history. In these patients, the uterine anomaly is detected as part of the infertility evaluation. Therefore, the treatment of this group is more controversial than that of the group with a poor reproductive history.
Marcus et al. 55 reported the outcome of 24 patients with various congenital uterine anomalies without previous metroplasty undergoing in vitro fertilization (IVF); 19 (70.8%) of them became pregnant after a mean of 2.1 attempts per patient, and the pregnancy rates were similar irrespective of the type of anomaly. In another study, Guirgis and Shrivastar 56 treated 14 patients with bicornuate uterus and without previous metroplasty by gamete intrafallopian transfer; eight (51.7%) of them achieved a pregnancy after a mean of 2.1 attempts per patient. The ovarian response to stimulation, the implantation rates and the pregnancy rates observed in these two studies were similar to those for the general infertile population.
On the other hand, Daly et al. 25 reported that seven (53.8%) out of 13 patients with infertility conceived after septum resection and, more recently, Goldenberg et al. 26 have observed pregnancies after hysteroscopic metroplasty in 18 (54%) out of 34 patients with uterine septum and primary infertility. Thus, in their view the chances of conception in patients with septate uterus and primary infertility seem to be similar to those of the general infertile population either with or without septum resection. This may also be an indirect sign that uterine septum is not an infertility factor in itself. However, metroplasty has a beneficial effect in avoiding pregnancy loss.
Most embryos that are transferred during an IVF procedure fail to implant for unknown reasons. The embryonic implantation rate depends to a large extent on the embryonic quality, endometrial receptivity and uterine integrity.
Most infertility programs involve X-ray HSG to assess the uterine cavity in patients who will undergo IVF-embryo transfer (ET). This is despite the fact that previous studies have reported that hysteroscopy reveals undetected endouterine abnormalities in 20-50% of patients who are about to undergo or who have undergone IVF-ET 57, 58 . Among 144 women who had preclinical miscarriage after IVF, Dicker et al. 59 found uterine abnormalities (mainly septa) in 14 cases (9.7%) and surmised that an incomplete uterine septum may be an important factor predisposing to early pregnancy wastage. Kirsop et al. 60 also reported improved results with IVF after hysteroscopic treatment of uterine abnormalities.
Syrop et al. 61 showed that 18.2% of patients in whom IVF-ET repeatedly failed had abnormalities of the uterine cavity. La Sala et al. 62 reported on one hundred IVF patients in whom two IVF-ET cycles failed despite transferring two very high quality embryos. In 18 patients, hysteroscopy showed 
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an important unsuspected endouterine anomaly. Although these anomalies were significant they were not revealed by either X-ray HSG or ultrasound. Contrary to La Sala et al., Marcus et al. 55 , in a study of women at Bourn Hall Clinic, an infertility referral center, showed that those with congenital uterine malformations have clinical pregnancy and multiple pregnancy rates that are similar to the rates of the general infertile population being treated by IVF-ET (37.3% and 31.6%, respectively).
The large series of Testart et al. 63 analyzed the results of 81 691 oocyte collection procedures in 500 IVF centers. Pregnancy failure occurred in 26.3%, mainly as a miscarriage during the first 3 months (18.5%). Although the authors did not elaborate on the incidence of congenital uterine anomalies in the study group, the adverse reproductive outcome was similar to that obtained in the study of Marcus et al. 55 .
It is unclear what determines whether the pregnancies of women with congenital uterine malformations will have a normal outcome, miscarriage, or end in premature labor 63 . In the Bourn Hall series, the multiple pregnancy rate in the group of patients who had three embryos transferred was 40% compared with 0% in the group who had one or two embryos transferred, and the preterm delivery rate in the study group was 46.2% compared with 24% of all deliveries after IVF-ET 55, 64 . The Cesarean section rate in patients affected with uterine anomaly was much higher (76.9%) than that reported in the general population. The reason for the high rate of Cesarean section in the study group of Marcus et al. 55 is multifactorial, with prematurity and malpresentation being the main factors. Analysis of obstetric outcomes showed that there was a trend for patients with unicornuate uteri and uterus didelphys to have a low spontaneous miscarriage rate and a high near-term delivery rate (66.7%), compared with women with bicornuate and septate uteri in whom the spontaneous miscarriage rate was 30%, and the near-term delivery rate was 10%. There may be a benefit of cervical cerclage in prolonging the length of gestation in women with Müllerian anomalies who have conceived by IVF-ET. Golan et al. 42 reported that one third of women with congenital uterine malformation in their series had cervical incompetence and noted improvement in the obstetric outcome with cervical cerclage.
Clearly, the role of hysteroscopic metroplasty in patients with primary infertility remains controversial. Some investigators recommend the treatment in this situation 59, 62 , but others do not 19, 55 . Table 3 reports on reproductive outcome after hysteroscopic metroplasty for the septate uterus in women with primary infertility 25, 33, 35, 38, 65, 66 . On balance, in my view, metroplasty should be considered not only because of its beneficial effect on fecundity, but also because of the benefit of reduced rates of miscarriage and preterm delivery if these women conceive.
ETIOLOGY OF ADVERSE EFFECTS OF A SEPTATE UTERUS
Several mechanisms have been proposed to explain the adverse effect of a septate uterus on the course of pregnancy. The diminished size of the uterine cavity as well as cervical incompetence have been suggested as possible etiological factors 14, 54 . However, according to the most widely accepted theory, the septum is thought to consist of fibroelastic tissue with inadequate vascularization and altered relations between myometrial and endometrial vessels.
The poor response to estrogen of the endometrial mucosa covering the septum, including irregular differentiation and estrogenic maturation, is probably because of the scanty vascularization of the septal connective tissue 67, 68 . As a result, implantation may be compromised and decidual and placental growth inadequate, resulting in early pregnancy loss and infertility. In addition, impaired fetal growth and abruptio placentae may occur as a result of an already poorly vascularized placenta and distorted uterine cavity, causing secondand third-trimester complications. Therefore, removing the septum may eliminate an unsuitable site for implantation, improve endometrial function, expand uterine capacity, and dramatically enhance reproductive outcome in selected patients.
Contrary to this classic concept, Dabirashrafi et al. 69 found significantly less connective tissue, a greater proportion of muscle tissue and more vessels in the septum. They therefore suggested that pregnancy wastage is caused by poor decidualization and placentation due to the reduced amounts of connective tissue, as well as by higher or uncoordinated contractility due to the increased muscle content 69 . It also has been suggested that estrogen and progesterone receptor deficiency in malformed uteri may further increase abnormal uterine contractions that lead to fetal wastage.
Pellerito et al. 70 performed magnetic resonance imaging (MRI) of patients with a septate uterus and found a muscular septal component (differentiated from fibrous tissue by its higher signal intensity). This was confirmed by histological examination of biopsy specimens. 
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DIAGNOSTIC METHODS
Many methods are used to identify Müllerian tract defects. Among these are a pelvic examination, X-ray HSG, hysteroscopy, laparoscopy, MRI, transvaginal two-dimensional ultrasound (2DUS), and transvaginal three-dimensional ultrasound (3DUS) 24, [71] [72] [73] . Table 4 reviews the benefits and limitations of X-ray HSG, hysteroscopy with and without guided laparoscopy, MRI, transvaginal 2DUS, transvaginal color Doppler, saline contrast sonohysterography (SCSH), transvaginal 3DUS and 3D saline contrast sonohysterography (3D SCSH) for obtaining information on uterine configuration in infertile patients.
X-ray HSG provides valuable information about the endometrial cavity and about tubal patency. However, the usefulness of X-ray HSG is limited as a technique to classify uterine anomalies because it does not provide definitive information about the external contour of the uterus. Although X-ray HSG provides a good outline of the uterine cavity, the distinction between different types of lateral fusion disorders is often impossible.
Hysteroscopy allows both direct visualization of the uterine cavity and operative intervention when used to remove septa. However, as is the case with X-ray HSG, it cannot be used to reliably evaluate the external contour of the uterus. An advantage of hysteroscopy is the direct visualization of the endometrium and the fact that it can be performed as an outpatient procedure. However, one should be aware that it may be accompanied by the risk of complications such as uterine perforation, infection and bleeding.
Concurrent laparoscopy is essential for a successful outcome of the procedure. This method is necessary to confirm a normal external uterine configuration before attempts at resection. If the anomaly is of a bicornuate variety, a hysteroscopic approach is contraindicated. Throughout the procedure, laparoscopic visualization is useful for assessing the resection and identifying uterine perforation promptly should it occur. In addition, the laparoscope can be used to identify and treat factors that may affect fertility, such as pelvic adhesions and endometriosis. Twenty-five percent of patients in Hickok's study were found to have previously undiagnosed endometriosis 53 . By its ability to delineate both internal and external uterine architecture, MRI may provide an alternative diagnostic method for the evaluation of Müllerian tract anomalies. However, it is an expensive modality not suitable for office practice.
Ultrasound has the advantages of minimal invasiveness, relatively low cost, and ease of performance. Several investigators have reported that transabdominal 2DUS is a useful technique for the evaluation of Müllerian tract anomalies 70, [72] [73] [74] [75] [76] . Transabdominal 2DUS was the first echographic technique used for this purpose. However, transvaginal sonography, because of its ability to be closer to the pelvic organs, allows better anatomical delineation of pelvic structures in addition to providing images with better contrast and detail resolution (Figure 1) .
When used as a screening test, transvaginal 2DUS has provided sensitivity rates of around 70% 74 . However, the distinction between the different types of anomalies is often impossible. Another problem with 2DUS is that a transverse or oblique transverse view of the uterus is not optimal in diagnosing uterine abnormalities. Furthermore, ultrasound is operator-dependent and hard-copy images can be difficult for a third party to interpret.
Optimal imaging of the endometrium and myometrium may require distension of the uterine cavity with saline or another contrast medium to separate the walls of the uterus, to outline the endometrial contour, and to detect endoluminal lesions (Figure 2 ). Before SCSH, each patient has to be examined by conventional transvaginal ultrasound to assess the appearance of the uterus before fluid instillation and to determine the orientation of the uterus to facilitate cervical cannulation. The procedure has to be performed during the follicular phase after the cessation of menstrual bleeding. After placing a speculum into the vagina the cervix is identified and cleansed with a povidone-iodine solution. It is preferable to use a balloon-bearing catheter which, after being inflated with saline, occludes the internal os. The In the study of Keltz et al. 77 the sensitivity and specificity of SCSH were both 100% when compared with surgery. The specificity of X-ray HSG was significantly (20.0%) lower than SCSH (P = 0.015) using surgical confirmation as the gold standard. The accuracy of diagnosis by SCSH of a uterine defect was 100% (12 of 12) when compared with surgery, whereas X-ray HSG accurately diagnosed a uterine defect in only 45.5% (5 of 11) of cases based on surgical confirmation (P < 0.01). However, X-ray HSG demonstrated a uterine abnormality in 11 of 14 (78.6%) cases of uterine abnormalities diagnosed by SCSH, and X-ray HSG concurred with 9 of 13 (69.2%) normal SCSH studies.
Saline contrast sonohysterography offers a sensitive and specific method of screening and diagnosing intrauterine defects in recurrent pregnancy loss. The high rate of intrauterine defects demonstrated in the study performed by Keltz et al. 77 provides further evidence of the importance of evaluating the uterine cavity after recurrent miscarriages. Although X-ray HSG has been the standard screening test in recurrent pregnancy loss, its relatively low specificity and accuracy may favor the use of SCSH by skilled examiners for intrauterine screening. With increased training and experience with endovaginal sonography, gynecologists will find SCSH a simple and accurate technique for the investigation of intrauterine pathology. The main objection to the study by Keltz et al. 77 is that it analyzed a selective group of patients (34 women of reproductive age with at least two consecutive pregnancy losses) who had been referred for SCSH. Twentytwo of the patients had X-ray hysterosalpingograms within 1 year of the SCSH while five patients underwent subsequent X-ray HSG. Therefore, retrospective reviews of the radiological reports may be the cause of the low sensitivity and specificity of X-ray HSG in this study. Soares et al. 78 evaluated the diagnostic accuracy of SCSH in uterine cavity diseases in infertile patients and compared results with those of X-ray HSG and transvaginal ultrasound. Saline contrast sonohysterography had the same diagnostic accuracy as the gold standard for polypoid lesions and endometrial hyperplasia. X-ray HSG had a sensitivity of 50% and a positive predictive value of 28.6% for polypoid lesions and a sensitivity of 0% for endometrial hyperplasia. Saline contrast sonohysterography and X-ray HSG had similar sensitivities (75%) in the detection of intrauterine adhesions. Saline contrast sonohysterography was the more accurate diagnostic test for polypoid lesions and endometrial hyperplasia compared to X-ray HSG. In this study SCSH was of limited use in the diagnosis of intrauterine adhesions and minor uterine malformations, although its global results in diagnosing uterine malformations were superior to those obtained by X-ray HSG. Based on available data and my personal experience X-ray HSG is highly sensitive in the diagnosis of more major uterine malformations; however, it is not sufficiently sensitive in the diagnosis of minor uterine abnormalities.
Transvaginal 3DUS is a non-invasive imaging technique with the ability to generate accurate images of the endometrial cavity and of the external contour of the uterus. Jurkovic et al. 79 reported that with the ability to view three orthogonal planes, they were able to obtain an image equal to that of X-ray HSG and superior to that of transvaginal 2DUS images. By obtaining a coronal view of the uterus and through meticulous analysis of three orthogonal planes, the authors reported 98% sensitivity and 100% specificity, compared with 88% sensitivity and 94% specificity with transvaginal 2DUS. With arcuate uteri the sensitivity and specificity of transvaginal 3DUS were 100% compared with 67% and 94%, respectively, for transvaginal 2DUS. With major Müllerian anomalies, the sensitivity and specificity of transvaginal 3DUS were both 100% compared with 100% sensitivity and 95% specificity for transvaginal 2DUS. However, the positive predictive value reported for major anomalies was 100% for 3D compared with 50% for 2DUS.
More recently, Jurkovic et al. 80 elaborated on the use of ultrasound screening for congenital uterine anomalies in an unselected population, estimating their prevalence to be 5-6%. It is important to establish actual incidence and effect on reproductive performance of the different types of uterine malformations in women willing to conceive in order to define which abnormalities are related to a poor prognosis and which should be surgically corrected prior to an attempt to conceive. Raga et al. 81 were able to identify all patients with uterine malformations when 3DUS was used to examine both the cavity and the external contour of the uterus. One of the most useful scan planes obtained on 3DUS is the coronal view of the uterus, which is usually not obtainable on 2DUS because of anatomical limitations (the vaginal probe has limited mobility within the confines of the vagina). These coronal views show the relationship between the endometrium and the myometrium at the uterine fundus, delineate the entire cervical canal, and depict the cornual angles (Figures 3-5) . The coronal plane is especially helpful in cases of complicated anatomy or multiple findings. To obtain a 3D concept of the uterine cavity and any abnormalities, thorough and meticulous scanning in both the sagittal and coronal planes is required while the cavity is distended with saline or an echo-enhancing contrast agent (Figure 6 ) 79 . The benefits and limitations of 3D SCSH are listed in Table 4 .
With 3DUS, a volume of sonographic data is rapidly acquired and stored. This volume of data can then be analyzed retrospectively after the SCSH examination has been completed, which shortens the amount of time during which the uterine cavity must remain distended 82 . Because all of the original sonographic data are contained in the saved volume, there is no loss of information, as may occur when only selected static images are available for interpretation 83 . Even with videotape recording of SCSH, the findings remain operator-dependent, and any observation not clearly documented on the tape is lost. The multiplanar capability of 3DUS permits an unlimited number of scan planes to be obtained from the original data set. This data set is available for interactive review at any time after the patient has been discharged or before surgical intervention. Additional findings not initially detected during the real-time examination can be made by 'scrolling' through the volume data; the volume can also be rotated and magnified as needed to explore any portion of the uterine cavity or to clarify details. This can be accomplished
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without inconveniencing the patient by prolonged or repeated vaginal scanning. Because all potential imaging planes are captured within the volume data set, imaging times could theoretically be reduced, because rescanning should not be necessary 83 . The saved volume data also facilitate consultation with patients and colleagues, either on site or remotely.
To my knowledge, there are only four published studies using 3D multiplanar imaging in which 3D SCSH was compared with another modality. Ayida et al. 84 compared transvaginal 2D and 3DUS with and without instillation of saline in 10 infertile patients. They found that 3D SCSH did not provide any additional clinically relevant information, although they reported that preliminary 3D imaging (before fluid instillation) identified an unsuspected subseptate uterus.
Bonilla-Musoles et al. 85 studied 36 patients with postmenopausal bleeding who underwent 3D SCSH; they compared the findings with those of transvaginal 2DUS, 2D SCSH, and hysteroscopy with histological correlation. They found that visualization of the uterine cavity and endometrial thickness was better on 3D SCSH. There was excellent correlation between the 3D SCSH and hysteroscopic findings, most notably for small endoluminal lesions. There were no cases of uterine malformations in this study.
Weinraub et al. 82 also described the use of 3D SCSH. Their study focused on the evaluation of suspected uterine cavity disease in 32 women who had previously undergone sonography, X-ray HSG, or hysteroscopy. Three-dimensional SCSH provided additional information on the topographical orientation of polypoid structures, submucous fibroids and intrauterine synechiae.
Lev-Toaff et al. 83 compared the findings of 3D SCSH with those of 2D SCSH and X-ray HSG. Of 20 women who underwent 3D SCSH for various indications, 13 also underwent 2D SCSH, and 12 had X-ray HSG. The authors found that reviewing the saved volume data in the multiplanar format was particularly useful, because it permitted detailed exploration of the endometrial cavity, uterine wall (myometrium), and external uterine contour. The coronal plane was favored for displaying the relationship between lesions and the uterine cavity. A disadvantage of 3D SCSH is the time required to learn to manipulate the 3D volume data, although this decreases with experience.
Kupesic and Kurjak 86 attempted to evaluate the combined use of transvaginal 2DUS, transvaginal color and pulsed Doppler sonography, SCSH and transvaginal 3DUS in the preoperative diagnosis of septate uterus. A total of 420 infertile patients undergoing operative hysteroscopy were included in this study. The final diagnosis of the uterine disorder was confirmed by hysteroscopy, and 278 patients had an intrauterine septum corrected surgically. Forty-three of the patients with a septate uterus had a history of repeated spontaneous miscarriage, 71 had had one spontaneous miscarriage (56 in the first trimester, and 15 in the second trimester), 82 had primary infertility and 20 had had premature delivery, including six with breech and two with transverse presentations. A positive history of ectopic pregnancy was found in 76 patients.
Each patient underwent transvaginal ultrasound and transvaginal color Doppler examination during the luteal phase of their cycle. Color and pulsed Doppler were superimposed to visualize intraseptal and myometrial vascularity in each patient (Figure 7) . Eighty-six patients undergoing hysteroscopy were examined by 3DUS, while distension of the uterine cavity with saline was performed in 76 patients. Table 5 summarizes the sensitivity, specificity and positive and negative predictive values of transvaginal sonography, transvaginal color and pulsed Doppler ultrasound, SCSH and 3DUS for the diagnosis of the septate uterus.
Our group 86 has found no correlation between septal height and occurrence of obstetric complications (P > 0.05). We found that miscarriages and late pregnancy complications occurred with the same rate in patients with small septa that were dividing less than one third of the uterine cavity (86 of 126), and those with septa covering more than two thirds of the uterine cavity (108 of 152) ( Table 6 ). The same was true of septal thickness: obstetric complications were found in the same proportion of the patients with thin (64 of 92) and those with thick (130 of 186) septa (P > 0.05). Indeed, previous obstetric performance correlated significantly with septal vascularity. Patients with vascularized septa had significantly higher prevalence of early pregnancy failure and late pregnancy complications (169 of 198) than those with avascularized septa (25 of 80) (P < 0.05) (Figure 8 ). This may reflect an increased amount of muscle in the septum producing local uncoordinated myometrial contractility. In our study, early miscarriages occurred at a significantly higher rate than did those in a control group (41% vs. 15%). Late miscarriages and premature deliveries developed in 35 of 278 (12.6%) Figure 7 Transvaginal color Doppler scan demonstrating two separate endometria during the secretory phase of the menstrual cycle and richly perfused septum. 
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Kupesic patients compared to the rate of 7% for normal pregnancies. Intrauterine growth restriction occurred in two (8.7%) pregnancies with a septate uterus, compared to 6% among our general patient population. Intrauterine fetal death occurred in one patient, and placental abruption and placenta previa were also found in one patient. Breech presentation was found in six (26.1%) pregnancies complicated by an intrauterine septum, whereas transverse presentation occurred in two (8.7%) patients. Since abnormal fetal presentation was significantly more frequent in patients with a septate uterus, there was also a higher rate of Cesarean section (34.8%). Cervical incompetence during pregnancy appeared in nine (25.7%) women with an intrauterine septum. By using transvaginal ultrasound it was possible to perform a precise assessment of the uterine morphology, including the endometrial lining and outer shape of the uterine muscle. Color Doppler ultrasound allowed simultaneous visualization of uterine morphology and vascular network giving accurate information on the type of anomaly and the extent of the defect. The visualization of the myometrial portion is further enhanced by detection of the myometrial vessels by color Doppler ultrasound 87 . Furthermore, Doppler imaging can detect deficient intraseptal vascularity and/or inadequate endometrial development in patients with a septate uterus 88 ( Figures 9 and 10 ). Three-dimensional ultrasound enabled planar reformatted sections through the uterus which allowed precise evaluation of the fundal indentation and the length of the septum (Figure 11 ). Shadowing caused by the uterine leiomyoma, irregular endometrial lining and decreased volume of the uterine cavity (in cases of intrauterine adhesions) are obvious limitations of 3DUS.
HYSTEROSCOPIC SURGERY
Traditionally hysteroscopy is required in patients with recurrent (≥ 3) miscarriages. It is my belief that this approach should be changed with recent advances made by 3DUS. In patients with only one or two miscarriages, in whom there are no other identifiable causes for pregnancy loss, treatment should be considered 36, 89 because endoscopic surgery is simple to perform and associated with low morbidity.
In a study involving hysteroscopic examination of 60 patients after an early miscarriage, uterine anomalies (mainly an incomplete uterine septum) were found in one quarter of the cases 90 . The investigators concluded that a partial uterine septum is a major factor predisposing a patient to missed miscarriage. Thus, a history of missed miscarriage may be considered an indication for intervention.
Cararach et al. 37 suggested that coexisting associated features such as dysmenorrhea or abnormal bleeding should prompt earlier intervention. Age is another consideration, because older women may benefit from prompt treatment to optimize outcome. Choe and Baggish 36 suggested that the uterine septum should be corrected as early as possible, especially in patients > 35 years of age, to increase fecundity.
Similar data on the impact of hysteroscopic metroplasty are obtained when analyzing the likelihood of subsequent preterm delivery. In women with a history of preterm delivery, treatment should be offered to reduce the likelihood of a recurrence. Daly et al. 25 pointed out that metroplasty prolonged the average gestation and improved perinatal outcome.
The resectoscope with its relatively low cost and wide availability offers a simple and effective method of treating most partial septa. The theoretical risk of thermal endometrial damage has not been substantiated 91 . However, because of the resectoscope's larger operating sheath, scissors or a laser used through an operating hysteroscope would be preferable for operations on a complete septum involving the cervix 1 . Fedele et al. 92 observed that a small residual septum of < 1 cm after hysteroscopic metroplasty does not impair reproductive outcome. In case of doubt, one should leave a small portion of septum behind rather than risk damage to the myometrial tissue over the fundal area and possible perforation and subsequent uterine rupture during pregnancy. Since our study 86 found no correlation between septal dimension and rate of obstetric complications, further prospective investigations are necessary to elaborate these initial results. Querleu et al. 89 used ultrasound to guide the incision and stopped the incision when the distance between the upper limit of the section and the serosal surface of the uterine fundus was 10 mm.
In patients with a complete septate uterus, it is generally believed that the cervical portion of the septum should be spared and the dissection started at the level of the internal os to avoid secondary cervical incompetence. The incidence of cervical incompetence after removal of the complete septum is rare. Among 43 reported cases 89,93 -95 there was only one case (2.3%) that included cervical incompetence. Moreover, Israel and March 31 had to perform a Cesarean section for dystocia because of a persistent cervical septum.
POSTOPERATIVE ULTRASOUND
Resecting (i.e. removing the septum) may increase the chance of bleeding and might result in intrauterine adhesion formation. There have been some pathological studies showing that residual septa on the anterior and posterior walls, after septal incision, retract underneath the endometrium, and then the endometrium overgrows the area. Before these patients attempt pregnancy, it is important to have some kind of uterine cavity visualization to make sure that there are no residual problems in the cavity. A well-performed transvaginal ultrasound, particularly 3DUS, can accomplish the task.
In my view, once the postoperative examination reveals normal findings, there is no reason to delay attempts at pregnancy for more than 3 cycles.
TERMINATION OF PREGNANCY
Surgical termination of pregnancy remains a safe and effective procedure. In certain circumstances, however, such as very early gestations or in the presence of uterine abnormalities, its failure rate and subsequent morbidity may be increased 96 . Those patients with uterine and/or cervical anomalies who undergo surgical termination of pregnancy are at increased risk of uterine perforation and adhesion formation. They are also more likely to be subjected to repeat surgical attempts at termination and may have problems in conceiving and maintaining future pregnancies.
Jermy et al. 96 recently advocated the use of transvaginal sonography as an integral part of the management of pregnancy termination in patients affected with a uterine anomaly. Its introduction would allow the accurate preoperative assessment of the site, gestational age and viability of the pregnancy. Accurate instrumentation of the cavity may be facilitated during surgery and the cavity confirmed as empty following the procedure.
CURRENT DIAGNOSTIC AND THERAPEUTIC CHALLENGES
Evaluation of the efficacy of detection of uterine anomalies in asymptomatic women, as well as analysis of the patients undergoing metroplasty, presents a number of problems. First, there is lack of randomized prospective trials comparing pregnancy rate and pregnancy outcome in a treated and an untreated group. The ability to perform such clinical trials has been limited by the need to do a laparoscopy to provide reassurance that the uterus is externally unified and convex or aplanar. As imaging modalities such as 3DUS with greater sensitivities and specificities in diagnosing uterine anomalies become available, a clinical trial with a non-treatment arm may become more feasible. In the absence of a prospective controlled trial, most retrospective series have compared the reproductive outcome before and after surgery. Such observational studies provide some information on the reproductive performance of patients who have undergone metroplasty for a septate uterus. Furthermore, it is known that half of the first-trimester spontaneous miscarriages that occur are caused by chromosomal abnormalities. One should be aware of objective difficulties of identifying the underlying cause of such first-trimester miscarriages. Lastly, in most institutions it is still not possible to eliminate the laparoscope from the diagnosis of septate uterus. Due to the expense of 3DUS equipment, the need for expertise of the sonographer performing 3DUS studies, and the disadvantage of using it
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intraoperatively, in most infertility departments 3DUS cannot at the present time replace invasive methods of diagnosis such as laparoscopically-guided hysteroscopy. In my view, the benefits of 3DUS will gradually change this clinical practice.
